Introduction
Kaolin is a clay used as an inert ingredient in the feed of birds. When used in high concentrations (above 1% inclusion in feed) it may improve performance, intestinal integrity and egg quality. Kaolin can protect the intestinal mucosa and improve nutrient absorption due to its ability to reduce toxins that can cause injuries to the intestinal epithelium (Trckova et al., 2009; Owen et al., 2012) . Moghaddam et al. (2008) observed an improvement in performance and egg quality after inclusion of clay (Zeolite) in the diet of laying hens. Kim et al. (2011) evaluating the effect of kaolin on egg quality and performance of laying hens did not detect improvements in egg quality; however, a significant reduction in feed intake and improvement in feed conversion were observed. Valladares et al. (2014) evaluated the effects of different kaolin levels in the feed of broilers, observing better quality of the litter.
When included at higher than recommended levels kaolin can function as an additive; however, the levels which may provide performance advantage are not fully understood. Therefore, the aim of the present study was to evaluate the overall performance, egg quality, moisture, nitrogen and calcium content in the excreta, intestinal morphology and provide a financial analysis of kaolin feed to Japanese quail during the production phase.
Materials and methods

Ethical considerations
This study was approved by Universidade Federal Rural do Rio de Janeiro (UFRRJ) Ethics committee for the use of animals in research (Comissão de Ética no Uso de Animais -(CEUA) under Protocol nº 23083.008446/2017-61.
Location
The experiment was conducted in the shed for quail research at Universidade Federal Rural do Rio de Janeiro (UFRRJ) in five periods of 21 days.
Experimental design
A total of 192 22-week-old Japanese quails were used. Quails were distributed in a completely randomized design with four treatments and six repetitions with eight birds each. The birds were raised in three tier pyramidal galvanized wire cages. Each cage (100 cm front x 30 cm deep x 15 cm high) had a trough-type feeder, a nipple drinker and an egg collector. The light schedule used was 16 hours of light and 8 hours of dark. The treatments consisted of four diets: a reference diet without kaolin, and three diets with kaolin, supplemented at 1.5, 3.0, and 4.5%. The diets were isoproteic, isoenergetic, and formulated to meet the nutritional requirements of Japanese quails in production phase, according to Rostagno et al. (2011) .
The variables evaluated were: feed intake (FI), laying percentage, feed conversion per dozen eggs (FC), egg weight, Haugh units (HU), yolk index (YI), percentage of egg components (yolk, albumen and shell), shell thickness (ST), intestinal villi height, width, and crypt depth. Moisture, nitrogen and calcium in the excreta were evaluated. A financial analysis on the use of kaolin was carried out at the end of the experiment. An average was calculated to determine FI (g/bird/day) at the end of each 21days period. Egg quality evaluations were based on daily egg production every 21 days. Eighteen eggs were collected for three consecutive days from each of the four treatments, totaling 216 eggs. Haugh units was calculated using the formula proposed by Card and Nesheim (1966) , HU = 100 log (H + 7.57 -1.7W 0.37 ), where H = height of the dense albumen (mm) and W = egg weight (g). Yolk index was determined from yolk height and albumin diameter. A Mitutoyo analog caliper (Mitutoyo, Hiroshima, Japan) was used to take these measurements and dense albumen height. Yolk index was calculated as the ratio between yolk height and diameter (Sharp and Powell, 1930) . To obtain egg components (%), egg yolks were separated from the albumen, weighed on a digital scale (precision: 0.01 g), and shells were rinsed to remove remnants of albumen and dried at room temperature for 24 hours to obtain shell weight. Albumen weight was obtained by subtracting yolk and shell weights from egg weight. The ST was measured with an analog pressure micrometer after drying the samples. Thickness values were obtained from two readings in the equatorial zone of the shell fragments. The ST was obtained from the average of these two points.
At the end of the experiment, when the birds were 38 weeks of age, 24 birds (1 bird per replicate) were sacrificed by cervical dislocation for the collection of the small intestine and subsequent analysis of intestinal morphology according to the method described by Pelicano et al. (2005) . Samples of approximately 2.0 cm were removed from the middle portion of the intestinal segments (duodenum, jejunum and ileum), then gut sections were fixed for 8 hours in Bouin liquid and then placed in 70% alcohol. These materials were sent to the histology laboratory where they were processed using a routine histological technique, which included dehydration, diaphanization, impregnation and paraffin embedding to obtain 5 μm-thick histological sections. The histological staining protocol by the Hematoxylin-Eosin technique (HE) was applied to the cuts to examine small bowel architecture using light microscopy. All histological sections were scanned and the images, magnified by 100, were analyzed under an Olympus BX 41 microscope (Olympus Corporation, Tokyo, Japan) coupled to a digital Nikon Coolpix 4300 camera (Nikon Corporation, Tokyo, Japan).
In the last five days of the experimental period, fecal samples were taken to determine moisture, nitrogen and calcium contents using the total collection method (Sibbald and Slinger, 1963) . Samples were collected twice a day, at 7 am and at 6 pm to avoid possible fermentation. This material was transferred to labeled plastic bags and stored in a freezer until the end of the collection period, when the excreta were thawed, homogenized and dried at 105 °C for a period of 72 hours. The methodology recommended by Kiehl (1985) was used to quantify moisture content in the excreta. Calcium and nitrogen in excreta were determined according to the methodologies described by Silva and Queiroz (2002) .
Financial analysis
The financial analysis considered feed intake, egg production, feed conversion, cost of feed, sale price of eggs and the costs usually involved in quail production. The cost per kilo of feed considered the average price of ingredients: corn, soybean meal, limestone, dicalcium phosphate, soybean oil, salt, mineral and vitamin mixture, DL-methionine, L-lysine HCl, choline chloride and kaolin (price in USD converted to BRL) in Rio de Janeiro state, Brazil. The Internal Rate of Return (IRR), Net Present Value (NPV) and Cost-Benefit of using kaolin in feed quail were calculated.
Statistical analysis
The results were submitted to analysis of variance and the effects of kaolin levels were estimated by analysis of the variables by linear and quadratic regression methods according to the best fit obtained for each variable.
Results
Kaolin inclusion in the feed resulted in a positive effect on quail performance (p<0.05) (Table 1) . hickness were not affected (p>0.05) by increasing levels of kaolin in the feed (Table 2) . Table 2 . Quality of eggs produced by Japanese quails fed different levels of kaolin.
in the diet (Table 3) . Thus, as kaolin levels increased, H 2 O, Ca and N 2 levels decreased in a linear function. Table 3 . Humidity in the excreta and excretion of calcium and nitrogen of Japanese quails fed increasing levels of kaolin. HU: Haugh unit; YI: yolk index; * NS -not significant (p>0.05); CV: coefficient of variation. Figures 1, 2 and 3 show the effect of increasing levels of kaolin on excreta moisture and calcium, and nitrogen excretion. The financial analysis shows (p<0.05) that 1.5% kaolin inclusion was more profitable compared to the other treatments (Table 4) . 
Discussion
Feed intake was influenced (p<0.05) by increasing levels of kaolin in the feed. According to Safaeikatouli et al. (2012) , the inclusion of clays in animal feed reduces the passage rate of digesta, improving digestibility, which causes birds to consume less feed to meet their nutritional requirements. Similar to the present study, Kim et al. (2011) also observed lower feed intake after inclusion of clay (kaolin) in the feed of laying hens.
Clay inclusion in the feed reduces the passage rate of digesta, improving nutrient digestibility, which may result in improved animal performance (Safaeikatouli et al., 2012) . Moghaddam et al. (2008) also observed improvement in egg production after inclusion of clay (zeolite) in the feed of laying hens. Feed conversion followed the behavior observed in this study for feed intake and egg production. Similar to that seen in this study, Kim et al. (2011) when evaluating the addition of clay (kaolin) in the feed of laying hens also observed a significant improvement in feed conversion compared to the control group (without clay). Viability was also influenced (p<0.05) by the inclusion of increasing levels of kaolin in the diet. As kaolin level increased, quail viability increased. This was due to the improvement observed in performance caused by a better integrity of the intestinal tract. This result demonstrates an advantage of kaolin in quail viability since this species normally presents a high mortality rate; mainly in the final phase of production. Egg weight, Haugh unit, yolk index, percentage of albumin and shell, and eggshell thickness were kept at good quality regardless of the level of kaolin used (p>0.05). Similar to that observed in this study, Kim et al. (2011) also found no significant difference for variables of internal quality and eggshells produced by laying hens fed several levels of clay (kaolin). Homer (1980) reported reduced water content in the excreta through an experiment with laying hens fed diets containing 2.5 and 5% bentonite compared to a control diet without clay. In winter, moisture content of excreta in the control treatment and treatment with 5% bentonite was 79.6 and 75.5%, respectively, whereas in summer it was 81.5 and 76.3%, respectively, indicating the efficiency of clay to control and reduce water content in excreta. In a study by Sellers et al. (1980) there was a significant reduction in excreta moisture of laying hens fed diets containing kaolin, without affecting, however, the performance and shell quality. The use of clays can prevent the occurrence of diarrhea due to its ability to absorb and retain ammonia (Evans and Ferrell, 1993) , a function considered of extreme importance when it comes to reducing humidity in broiler and laying environments. This result is supported not only by reports mentioning the ability of clays to improve digestion efficiency and nutrient utilization (Trckova et al., 2009; Owen et al., 2012; Safaeikatouli et al., 2012) , but also by the improved intestinal morphology observed in this study (Figure 8) . Clays have the ability to absorb toxins that cause injuries to the intestinal Table 4 . Financial analysis for increasing kaolin levels in the diet of Japanese quails in relation to profitability. epithelium thus protecting the intestinal mucosa and improving nutrient absorption, consequently the efficiency of energy and protein usage from the diet increases (Trckova et al., 2009; Owen et al., 2012) . A major problem in poultry farming is ammonia volatilization and excessive moisture in the excreta, both harmful to the health and performance of birds. Ammonia becomes volatile after microbial decomposition of nitrogen compounds present in the waste, particularly uric acid excreted naturally by birds; therefore, the lower the nitrogen present in excreta, the lower the concentration of volatile ammonia in the aviaries (Schneider, 2017) .
According to Macari et al. (2002) , the absorptive capacity of the intestine is directly proportional to the size of the villi; birds with higher and wider villi may have better nutrients absorption. Clays can improve intestinal integrity through excretion of toxins produced by pathogenic microorganisms present in the gastrointestinal tract (Xu et al., 2003) . Hu et al. (2013) observed improvements in intestinal integrity, measured by villus height, after providing clay (montmonilonite) to broilers. Those researchers further stated that maintaining intestinal integrity is critical for proper functioning of epithelial cells and, consequently, for good animal performance. Depth of intestinal crypts was not affected (p>0.05) by adding increasing levels of kaolin in the diet. Furlan et al ., (2004) reported that increased crypt depth may indicate high proliferative cell activity that may typically occur as a response of the epithelium to some mucosa injury and seek to renew losses in the height of villi.
The IRR in relation to percentage of egg production was higher with the inclusion of 1.5% of kaolin in the diet than the other treatments. This rate expresses the profitability percentage of the project on the capital employed during its lifetime (Noronha, 1987; Hoji, 2006) ; therefore, the treatment that used 1.5% of kaolin showed a higher financial profitability compared to the other treatments. The net present value (NPV) presented positive values for all kaolin levels tested, and according to Noronha (1987) , when the resulting NPV is positive the project is feasible, otherwise the project is not viable. According to Gouvea et al. (2014) , the project that produces the highest NPV value is the most profitable option, thus the use of 1.5% of kaolin in the diet of Japanese quails, which led to the highest NPV (US $12.69), showed higher profitability than the other treatments. The cost benefit analysis of kaolin in the feed of Japanese quail, demonstrated that the treatment with the addition of 1.5% of kaolin was the most financially viable in relation to the other treatments, because for every US $1.00 invested in the production of quail eggs, there was a US$1.12 return, while within the control treatment, in which kaolin was not used, for every US $1.00 invested in the production of quail eggs, there was a US $1.08 return; for the treatment with 3.0% of kaolin, for every US $1.00 invested in the production of quail eggs, there was a US $1.11 return, and for the treatment with 4.5% of kaolin for each US $1.00 invested in the production of quail eggs there was a US $1.10 return.
The inclusion of kaolin in the diet of Japanese quails during production, improves performance, intestinal morphology, reduces the moisture, calcium and nitrogen content in the excreta without affecting the quality of the eggs produced. The financial analysis indicated that 1.5% of kaolin as an additive in the feed of Japanese quails was the best alternative.
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